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have dictated inserting a different predicted frame with a prediction
that would have referenced the lost data according to the regular
prediction structure.
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DYNAMIC INSERTION OF SYNCHRONIZATION PREDICTED VIDEO FRAMES
BACKGROUND

[0001] Predictive coding of video data can improve coding efficiency. However,
predictive coding can cause “drift” when some video data is lost in transmission (such as
by not arriving at all or arriving too late). “Drift” refers to the propagation of errors from
missing data in subsequent frames. For example, when a first video frame (sometimes
referred to as a picture) is lost, a second frame that follows the first frame may be coded
using prediction that references that first frame. Accordingly, the decoding computer
system may be unable to correctly decode that second frame. A third frame may be coded
using prediction that references that second frame, and so forth. Indeed, the error from the
lost frame (i.e., a frame where at least a portion of the data for the frame was lost) may get
worse as subsequent frames are decoded, due to the reliance of the predictive coding on
the lost frame. In a conferencing system, intra-coded frames may be inserted in the
bitstream to combat this drift problem. For example, intra-coded frames may be
periodically inserted in the bitstream. As another example, a coding computer system may
dynamically insert an intra-coded frame when the encoding computer system is informed
that data from the bitstream has been lost.

SUMMARY

[0002] The disclosure relates to dynamically inserting synchronization predicted
video frames. As used herein, dynamically inserted synchronization video frames are
video frames that are inserted dynamically and avoid having predictions that rely on
specified data, such as lost data. Because these dynamically inserted frames can be
predictively coded with reference to previous frames, the frames may be more efficient
than comparable intra-coded frames. However, the synchronization predicted video frames
can allow for synchronization to cut off drift by avoiding predictions that reference lost
data.

[0003] In one embodiment, the tools and techniques can include an encoding
computer system encoding and sending a video bitstream over a computer network to a
decoding computer system. The bitstream can follow a regular prediction structure when
the encoding computer system is not notified of lost data from the bitstream. The encoding
computer system can receive a notification of lost data in the bitstream. The lost data can
include at least a portion of a reference frame of the bitstream. Also, the encoding
computer system can respond to the notification by dynamically encoding a

synchronization predicted frame with a prediction that references one or more other
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previously-sent frames in the bitstream and that does not reference the lost data. The
encoding computer system can insert the synchronization predicted frame in the bitstream
in a position where the regular prediction structure would have dictated inserting a
different predicted frame with a prediction that would have referenced the lost data
according to the regular prediction structure.

[0004] This Summary is provided to introduce a selection of concepts in a
simplified form. The concepts are further described below in the Detailed Description.
This Summary is not intended to identify key features or essential features of the claimed
subject matter, nor is it intended to be used to limit the scope of the claimed subject
matter. Similarly, the invention is not limited to implementations that address the
particular techniques, tools, environments, disadvantages, or advantages discussed in the
Background, the Detailed Description, or the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Fig. 1 is a block diagram of a suitable computing environment in which one
or more of the described embodiments may be implemented.

[0006] Fig. 2 is a schematic diagram of a video transmission environment.

[0007] Fig. 3 is a schematic diagram of an example of a regular prediction
structure with periodic key frames (top) and a corresponding prediction structure with
dynamic key frames (bottom).

[0008] Fig. 4 is a schematic diagram of an example of a regular prediction
structure without periodic key frames (top) and a corresponding prediction structure with
dynamic long term predicted key frames (bottom).

[0009] Fig. 5 is a schematic diagram of an example of a regular prediction
structure without predicted key frames (top) and a corresponding prediction structure with
a dynamic anchor predicted frame (bottom).

[0010] Fig. 6 is a flowchart of a technique for dynamic insertion of
synchronization predicted video frames.

[0011] Fig. 7 is a flowchart of another technique for dynamic insertion of
synchronization predicted video frames.

[0012] Fig. 8 is a flowchart of yet another technique for dynamic insertion of
synchronization predicted video frames.

DETAILED DESCRIPTION
[0013] Embodiments described herein are directed to techniques and tools for

improved encoding of video bitstreams when a coding computer system is informed that
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data from a bitstream has been lost. Such improvements may result from the use of various
techniques and tools separately or in combination.

[0014] Such techniques and tools may include dynamically inserting different
types of synchronization predicted video frames for different types of regular prediction
structures. For example, in a bitstream with periodic key frames, which have predictions
that are limited to referring to other key frames, a key frame can be dynamically inserted
when a coding computer system is notified of lost data from the bitstream. As another
example, in a bitstream without periodic key frames but that allows long term reference
key frames, a long term reference key frame can be dynamically inserted when a coding
computer system is notified of lost data from the bitstream. Long term reference key
frames are key frames that are kept in an active frame window (the window of frames that
are to be kept in a decoder frame buffer) for longer than regular frames. For example, a
long term reference key frame may be kept in the active frame window until a coding
computer system sends an explicit notification to remove that key frame from the active
frame window. As another example, in a bitstream with a base layer and an enhancement
layer, the base layer of a frame can be coded using prediction that references a previous
frame’s base layer but does not reference the previous frame’s enhancement layer, and the
enhancement layer of a frame can be coded using prediction that references a previous
frame’s enhancement layer but does not reference the previous frame’s base layer. With
this regular prediction structure, when a coding computing system is informed that data
from a frame’s enhancement layer has been lost but data from the frame’s base layer has
not been lost, the coding computing system can dynamically insert an anchor frame. As
used herein, an anchor frame is a frame where the base layer is predictively coded with
prediction that references a previous frame’s base layer and an enhancement layer is intra-
coded so that the enhancement layer only references other layers (e.g., the base layer)
within the reference frame.

[0015] Accordingly, one or more benefits may be realized from the tools and
techniques described herein. For example, the dynamic insertion of synchronization
predicted video frames can allow for synchronization to cut off drift, while preserving
some efficiency by using some predictive coding where the prediction references data
from previous frames.

[0016] The subject matter defined in the appended claims is not necessarily limited
to the benefits described herein. A particular implementation of the invention may provide

all, some, or none of the benefits described herein. Although operations for the various
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techniques are described herein in a particular, sequential order for the sake of
presentation, it should be understood that this manner of description encompasses
rearrangements in the order of operations, unless a particular ordering is required. For
example, operations described sequentially may in some cases be rearranged or performed
concurrently. Moreover, for the sake of simplicity, flowcharts may not show the various
ways in which particular techniques can be used in conjunction with other techniques.

[0017] Techniques described herein may be used with one or more of the systems
described herein and/or with one or more other systems. For example, the various
procedures described herein may be implemented with hardware or software, or a
combination of both. For example, dedicated hardware implementations, such as
application specific integrated circuits, programmable logic arrays and other hardware
devices, can be constructed to implement at least a portion of one or more of the
techniques described herein. Applications that may include the apparatus and systems of
various embodiments can broadly include a variety of electronic and computer systems.
Techniques may be implemented using two or more specific interconnected hardware
modules or devices with related control and data signals that can be communicated
between and through the modules, or as portions of an application-specific integrated
circuit. Additionally, the techniques described herein may be implemented by software
programs executable by a computer system. As an example, implementations can include
distributed processing, component/object distributed processing, and parallel processing.
Moreover, virtual computer system processing can be constructed to implement one or
more of the techniques or functionality, as described herein.
L Exemplary Computing Environment

[0018] Fig. 1 illustrates a generalized example of a suitable computing
environment (100) in which one or more of the described embodiments may be
implemented. For example, one or more such computing environments can be used as a
coding computer environment, a decoding computer environment, and/or a server that
facilitates transmission of a video bitstream between the coding computer system and one
or more decoding computer systems. Generally, various different general purpose or
special purpose computing system configurations can be used. Examples of well-known
computing system configurations that may be suitable for use with the tools and
techniques described herein include, but are not limited to, server farms and server
clusters, personal computers, server computers, hand-held or laptop devices, slate devices,

multiprocessor systems, microprocessor-based systems, programmable consumer
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electronics, network PCs, minicomputers, mainframe computers, distributed computing
environments that include any of the above systems or devices, and the like.

[0019] The computing environment (100} is not intended to suggest any limitation
as to scope of use or functionality of the invention, as the present invention may be
implemented in diverse general-purpose or special-purpose computing environments.

[0020] With reference to Fig. 1, the computing environment (100) includes at least
one processing unit or processor (110) and memory (120). In Fig. 1, this most basic
configuration (130) is included within a dashed line. The processing unit (110) executes
computer-executable instructions and may be a real or a virtual processor. In a multi-
processing system, multiple processing units execute computer-executable instructions to
increase processing power. The memory (120) may be volatile memory (e.g., registers,
cache, RAM), non-volatile memory (e.g., ROM, EEPROM, flash memory), or some
combination of the two. The memory (120) stores software (180) implementing dynamic
insertion of synchronization predicted video frames.

[0021] Although the various blocks of Fig. 1 are shown with lines for the sake of
clarity, in reality, delineating various components is not so clear and, metaphorically, the
lines of Fig. 1 and the other figures discussed below would more accurately be grey and
blurred. For example, one may consider a presentation component such as a display device
to be an I/O component. Also, processors have memory. The inventors hereof recognize
that such is the nature of the art and reiterate that the diagram of Fig. 1 is merely
illustrative of an exemplary computing device that can be used in connection with one or
more embodiments of the present invention. Distinction is not made between such

Eb 1Y

categories as “workstation,” “server,” “laptop,” “handheld device,” etc., as all are

% ¢

contemplated within the scope of Fig. 1 and reference to “computer,” “computing
environment,” or “computing device.”

[0022] A computing environment (100) may have additional features. In Fig. 1, the
computing environment (100) includes storage (140), one or more input devices (150), one
or more output devices (160), and one or more communication connections (170). An
interconnection mechanism (not shown) such as a bus, controller, or network interconnects
the components of the computing environment (100). Typically, operating system
software (not shown) provides an operating environment for other software executing in

the computing environment (100), and coordinates activities of the components of the

computing environment (100).
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[0023] The storage (140) may be removable or non-removable, and may include
computer-readable storage media such as magnetic disks, magnetic tapes or cassettes, CD-
ROMs, CD-RWs, DVDs, or any other medium which can be used to store information and
which can be accessed within the computing environment (100). The storage (140) stores
instructions for the software (180).

[0024] The input device(s) (150) may be a touch input device such as a keyboard,
mouse, pen, or trackball; a voice input device; a scanning device; a network adapter; a
CD/DVD reader; or another device that provides input to the computing environment
(100). The output device(s) (160) may be a display, printer, speaker, CD/DVD-writer,
network adapter, or another device that provides output from the computing environment
(100).

[0025] The communication connection(s) (170) enable communication over a
communication medium to another computing entity. Thus, the computing environment
(100) may operate in a networked environment using logical connections to one or more
remote computing devices, such as a personal computer, a server, a router, a network PC,
a peer device or another common network node. The communication medium conveys
information such as data or computer-executable instructions or requests in a modulated
data signal. A modulated data signal is a signal that has one or more of its characteristics
set or changed in such a manner as to encode information in the signal. By way of
example, and not limitation, communication media include wired or wireless techniques
implemented with an electrical, optical, RF, infrared, acoustic, or other carrier.

[0026] The tools and techniques can be described in the general context of
computer-readable media, which may be storage media or communication media.
Computer-readable storage media are any available storage media that can be accessed
within a computing environment, but the term computer-readable storage media does not
refer to propagated signals per se. By way of example, and not limitation, with the
computing environment (100), computer-readable storage media include memory (120),
storage (140), and combinations of the above.

[0027] The tools and techniques can be described in the general context of
computer-executable instructions, such as those included in program modules, being
executed in a computing environment on a target real or virtual processor. Generally,
program modules include routines, programs, libraries, objects, classes, components, data
structures, etc. that perform particular tasks or implement particular abstract data types.

The functionality of the program modules may be combined or split between program
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modules as desired in various embodiments. Computer-executable instructions for
program modules may be executed within a local or distributed computing environment.
In a distributed computing environment, program modules may be located in both local
and remote computer storage media.

[0028] For the sake of presentation, the detailed description uses terms like

% ¢ % ¢

“determine,” “choose,” “adjust,” and “operate” to describe computer operations in a
computing environment. These and other similar terms are high-level abstractions for
operations performed by a computer, and should not be confused with acts performed by a
human being, unless performance of an act by a human being (such as a “user”) is
explicitly noted. The actual computer operations corresponding to these terms vary
depending on the implementation.
IL Dynamic Insertion of Synchronization Predicted Video Frames

A. System and Environment

[0029] Fig. 2 is a schematic diagram of a video transmission environment (200) in
conjunction with which one or more of the described embodiments may be implemented.
The environment (200) can include a coding computer system (210). The coding computer
system (210) can code video data according to a standard or protocol and transmit the
video data in a bitstream (220) to one or more decoding computer systems (230). This can
be done using any of various different coding standards and techniques. For example, a
scalable video standard may be used. An example of such a scalable video coding standard
is H.264 SVC (scalable video coding), as described in Recommendation ITU-T H.264
(06/2011), although the techniques described herein could be used with other standards.
The bitstream (220) can be transmitted over a computer network (240), which may include
a global computer network (e.g., the Internet) and/or one or more other networks (e.g., an
extranet, local area network, wide area network, etc.). Also, the transmission may be aided
by a transmission server (250). For example, the transmission server (250) may act as an
intermediary between the coding computer system (210) and the decoding computer
system(s) (230). Also, the decoding computer system(s) (210) may encode their own
bitstreams and send them out to other computer systems such as the coding computer
system (210), and the coding computer system (210) may receive and decode video
bitstreams. In one example, the computer systems (210 and 230) may be participating in a

real time audiovisual event, such as a videoconference, where video bitstreams transmitted

between multiple computer systems.
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[0030] It is possible that data in the bitstream (220) can be lost during transmission
to the decoding computer system(s) (230). For example, the lost data may be delayed so
that the data arrives at the decoding computer system(s) too late to be used, or the data
may never arrive at the decoding computer system(s). Either way, the data can be
considered to be lost. The decoding computer system(s) (230) and/or the transmission
server (250) may send one or more loss notices (260) to the coding computer system (210)
to identify the lost data (e.g., identifying which frames and/or frame layers included all or
part of the lost data). The loss notices (260) may be sent in transmissions using the same
protocol as the bitstream (220), or in one or more out-of-band communications. Upon
receiving such a loss notice (260), the coding computer system (210) can code and insert
in the bitstream (220) a synchronization predicted video frame (270) that is coded using
prediction, but where the prediction does not directly or indirectly reference the data
identified in the loss notice (260) (the prediction does not reference the data identified in
the loss notice (260), does not reference data that itself references the data identified in the
loss notice (260), etc.). Such a video frame (270) can be used to synchronize the decoding
computer system(s) (230) with the coding computer system (210), which may have been
out of synchronization due to the lost data.

[0031] Accordingly, the video frame (270) can cut off drift that may have occurred
due to the lost data. The synchronization predicted video frame (270) may be the next
frame after a frame that includes the lost data, or it may be some later frame. For example,
the coding computer system (210) may not receive the loss notice (260) until the coding
computer system (210) has already coded and sent one or more subsequent frames in the
bitstream (220). For the intervening frames between the frame that includes the lost data
and the synchronization predicted video frame (270), the decoding computer system (230)
may take measures to avoid or decrease the adverse effects from the reliance on lost data,
such as by dropping or concealing those intervening frames.

B. Examples of Dynamic Insertion of Synchronization Predicted Video

Frames

[0032] The coding computer system (210) may use different techniques and/or
different types of inserted synchronization predicted video frames (270) to allow for
synchronization. For scalable coded video such as H.264 SVC, performance may be
improved by analyzing the location of the loss (such as by receiving a notice of data loss
and a location (e.g., which frame and/or which layer) of the data loss) and inserting

appropriate synchronization information based on the inter-layer dependency and



10

15

20

25

30

WO 2013/130263 PCT/US2013/025800

predictive coding structure. In the following description, dynamic synchronization video
frame insertion will be discussed with reference to some predictive coding structures from
H.264 SVC as an example, although the tools and techniques can be applied to other
standards as well. Some examples of such techniques and tools will now be discussed with
reference to Figs. 3-5.

[0033] Referring now to Fig. 3, an example of a regular prediction structure (300)
with periodic key frames is illustrated. Each frame can include a base layer (302) and an
enhancement layer (304) (or multiple enhancement layers, not shown), with the
predictions’ references being illustrated with arrows between the layers in the same frame
and different frames. The video can be scaled by adding or omitting enhancement layers
from a frame. For example, an enhancement layer may add additional quality features
(e.g., smaller quantization step size) and/or higher spatial resolution. For example, the
prediction structure (300) may be a prediction structure for a H.264 medium grain
scalability (MGS) bitstream with periodic key frames. The illustrated regular prediction
structure (300) shows frames numbered 0 to 10 in sequential order, and a similar order is
shown for frames in the other prediction structures of Figs. 3-5.

[0034] The regular prediction structure (300) can start with an instantaneous
decoding refresh (IDR) type key frame (310) (frame 0), which is an intra-coded key frame.
A key frame, as used herein, is a frame that is limited to having no inter-frame predictions
or only having inter-frame predictions that reference other key frames. The IDR-type key
frame (310) can have intra-frame prediction, with an enhancement layer (304) (such as a
quality enhancement layer) being coded with a prediction that references (directly or
indirectly) the base layer of that frame and possibly lower enhancement layers of that
frame. Additionally, and IDR-type key frame (310) can signal that subsequent frames
should not include prediction references to frames prior to the IDR-type key frame (310).

[0035] The IDR-type key frame (310) can be followed by regular predicted frames
(330) (frames 1, 2, 3, 4, 6, 7, 8, and 9). The regular predicted frames (330) can each
include a base layer (302) and an enhancement layer (304). Each base layer (302) of a
regular predicted frame (330) can be coded with a prediction that references a highest
enhancement layer of the previous frame. Each enhancement layer (304) of a regular
predicted frame (330) can be coded with a prediction that also references the highest
enhancement layer of the previous frame, and that references the base layer (302) and/or

one or more lower enhancement layers of that same frame.
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[0036] The regular prediction structure (300) of Fig. 3 can include periodic
insertion of predicted key frames (320) (frames 5 and 10). Each predicted key frame (320)
can include a prediction that references other key frames (320 and/or 310), but does not
reference regular predicted frames. Accordingly, a predicted key frame (320) can allow for
synchronization between the coding computer system and decoding computer system(s) as
long as previous key frames have not been lost. Accordingly, additional protections
against loss may be used for the predicted key frames (320), as compared to protections
used for the regular predicted frames (330). If a key frame (310 or 320) is lost, then the
coding computer system can insert an IDR-type key frame (320) upon being notified of
that loss.

[0037] Referring still to Fig. 3, a prediction structure (350) with dynamic predicted
key frames will be discussed. The prediction structure (350) can be the same as the regular
prediction structure (300) discussed above, except when the coding computer system
receives a notification of lost data (360), which is illustrated with the layers including lost
data being blacked out in Figs. 3-5. In frame 6, the lost data (360) is in the enhancement
layer (304), but the base layer (302) was not lost. The next regular predicted frame (330)
(frame 7) would have had a prediction that referenced the lost enhancement layer (i.e., the
enhancement layer with the lost data) if the regular prediction structure (300) were
followed. However, the coding computer system can receive a notice of the lost data and
can code and insert a predicted key frame (320) as frame 7. That predicted key frame
(320) can include a prediction that references the previous key frame (frame 5), but that
does not reference the regular predicted frame (330) with the lost data (360) (because
predicted key frames (320) are limited to not referencing such regular predicted frames
(330)). Accordingly, the predicted key frame (320) inserted as frame 7 can act as a
synchronization predicted video frame to cut off drift that may have occurred from the lost
data (360) in the enhancement layer (304) of frame 6.

[0038] Referring still to Fig. 3, in frame 9, there is lost data (360) in the base layer
(302) of frame 9. Because data in the base layer (302) is lost, and the enhancement layer
(304) of frame 9 includes prediction that references the base layer (302), the enhancement
layer (304) cannot be correctly decoded (as is depicted by the dashed lines around the
enhancement layer (304) of frame 9). Accordingly, subsequent frames with predictions
referencing the enhancement layer (304) of frame 9 would not be able to be correctly
decoded, resulting in drift in those subsequent frames. However, the coding computer

system can receive a notification of the lost data (360) in frame 9, and can respond by
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coding and inserting a predicted key frame (320) as frame 10 in the bitstream, so that
frame 10 can act as a synchronization predicted video frame, as with the predicted key
frame (320) coded and inserted as frame 7. Because the predicted key frames (320) use
some inter-frame prediction, they may be coded more efficiently than would intra-coded
frames, such as IDR-type key frames, and they can still allow for synchronization and
cutting off of drift from lost data.

[0039] Referring now to Fig. 4, another example of the use of dynamic insertion of
synchronization predicted video frames will be discussed. For example, this may be used
with a medium grain scalability (MGS) structure according to the H.264 SVC standard. A
regular prediction structure (400) without periodic key frames is illustrated at the top of
Fig. 4. The regular prediction structure (400) can start with a regular IDR-type key frame
(410) as shown, or alternatively with an LIDR-type key frame (412) (see the bottom of
Fig. 4). The LIDR-type key frame (412) can be similar to the IDR-type key frame (410)
discussed above, except that that the long-term frame can be kept in the active frame
window longer than would be done with a frame that is not a long term frame (e.g., a
regular IDR-type key frame). The IDR frame (410) can be followed by regular predicted
frames (430), which can be the same as the regular predicted frames (330) discussed
above. The frames (410 and 430) can each have a base layer (402) and one or more
enhancement layers (404), as discussed above.

[0040] The bottom of Fig. 4 illustrates a prediction structure (450) with an LIDR-
type key frame (412) at the beginning and later with dynamic predicted key frames. As
illustrated, the enhancement layer (404) of frame 6 and the base layer (402) of frame 9
include lost data (460). In these cases, the coding computer system can respond to each
notice of lost data by coding and inserting in the bitstream a long term predicted key frame
(420). Such a frame can be kept longer than regular frames, as discussed above with
reference to the LIDR-type key frame (412). Accordingly, the latest key frame can be
retained in the decoding buffer, at least until another key frame is coded and sent. Also,
the long term predicted key frames (420) can include prediction that can reference other
key frames, but that is limited to not referencing regular predicted frames (430).
Accordingly, each long-term predicted key frame (420) can act as a synchronization
predicted frame to allow synchronization of the coding and decoding computer systems
after data is lost, which can cut off resulting drift.

[0041] Referring now to Fig. 5, another example of the use of synchronization

predicted video frames with a different prediction structure will be discussed. A regular
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prediction structure (500) without predicted key frames is illustrated at the top of Fig. 5.
The regular prediction structure (500) can be similar to the regular prediction structure
(400) discussed above. However, each regular predicted frame (530) can have a base layer
(502) that includes a prediction that references a base layer (502) of a previous frame,
rather than referencing an enhancement layer (504) of the previous frame. As an example,
the regular prediction structure (500) may be structured according to a coarse grain
scalable (CGS) bitstream or a spatial scalable bitstream under the H.264 SVC standard.

[0042] The bottom of Fig. 5 illustrates a prediction structure (550) with a dynamic
anchor predicted frame. As illustrated in Fig. 5, the enhancement layer (504) of frame 6
and the base layer (502) of frame 9 include lost data (560). In response to receiving a
notice of the lost data (560) in the enhancement layer (504) of frame 6, the coding
computer system can code and insert an anchor predicted frame (520) as frame 7. The
anchor predicted frame can include a base layer (502) with a prediction that references the
base layer (502) of frame 6. The base layer (502) of the anchor predicted frame (520) can
be coded as in the regular predicted frames (520), while the enhancement layer (504) of
frame 7 can include a prediction that is limited to only including intra-frame references.
Accordingly, the anchor predicted frame can include inter-frame prediction referencing the
base layer (502) of the previous frame to improve coding efficiency, but can avoid inter-
frame prediction referencing the enhancement layer (504) of frame 6 that includes lost
data (560).

[0043] In response to receiving a notification of lost data (560) in the base layer
(502) of frame 9, the coding computer system can code and insert an IDR-type key frame
(510) as frame 10 to cut off drift from the lost data (560) in frame 9.

[0044] Note that combinations of the above types of synchronization predicted
frames could be used. For example, combinations of anchor predicted frames (520) and
long term predicted key frames (420) could be used to deal with losses in the same
bitstream (e.g., in an H.264 CGS bitstream).

III.  Techniques for Dynamic Insertion of Synchronization Predicted Video Frames

[0045] Several techniques for dynamic insertion of synchronization predicted
video frames will now be discussed. Each of these techniques can be performed in a
computing environment. For example, each technique may be performed in a computer
system that includes at least one processor and memory including instructions stored
thereon that when executed by at least one processor cause at least one processor to

perform the technique (memory stores instructions (e.g., object code), and when
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processor(s) execute(s) those instructions, processor(s) perform(s) the technique).
Similarly, one or more computer-readable storage media may have computer-executable
instructions embodied thereon that, when executed by at least one processor, cause at least
one processor to perform the technique.

[0046] Referring to Fig. 6, a technique for dynamic insertion of synchronization
predicted video frames will be described. The technique can include an encoding system
encoding (605) and sending (610) a video bitstream over a computer network to a
decoding computer system. The video bitstream can follow a regular prediction structure
when the encoding computer system is not notified of lost data from the bitstream. The
encoding computer system can receive (620) a notification of lost data in the bitstream.
The lost data can include at least a portion of a reference frame of the bitstream. In
response to the notification, the encoding computer system can dynamically encode (630)
a synchronization predicted frame with a prediction that references one or more other
previously-sent frames in the bitstream without referencing the lost data. The encoding
computer system can insert (640) the synchronization predicted frame in the bitstream in a
position where the regular prediction structure would have dictated inserting a different
predicted frame with a prediction that would have referenced the lost data according to the
regular prediction structure.

[0047] The synchronization predicted frame can include a predicted key frame
whose prediction is limited to referencing one or more other key frames prior to the
reference frame. The prediction of the predicted key frame can reference one or more
intra-coded key frames (e.g. IDR frame(s)) and/or one or more predicted key frames.

[0048] The synchronization predicted frame can be a long term predicted key
frame whose prediction is limited to referencing one or more other key frames prior to the
lost data. The long term predicted key frame can reference one or more other long term
key frames.

[0049] The different predicted frame that would have been coded and sent under
the regular structure may have been a frame that would have referenced an enhancement
layer of the reference frame. The synchronization predicted frame may be a key frame
whose prediction references one or more key frames prior to the lost data. The lost data
may include at least a portion of the enhancement layer of the reference frame and/or at
least a portion of a base layer of the reference frame. The base layer can be referenced by

prediction of the enhancement layer.
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[0050] The lost data can include at least a portion of a lost enhancement layer, and
the synchronization predicted frame can include an enhancement layer that references a
base layer of the synchronization predicted frame. A prediction of the enhancement layer
of the synchronization predicted frame can avoid referencing the lost enhancement layer.
Additionally, an enhancement layer of the different predicted frame may have been a
frame that would have referenced the enhancement layer with at least a portion of the lost
data. A prediction of the base layer of the synchronization predicted frame may reference
the base layer of a frame that includes at least a portion of the lost data.

[0051] Referring now to Fig. 7, a technique for dynamic insertion of
synchronization predicted video frames will be described. The technique can include
encoding (705) and sending (710) a video bitstream over a computer network to a
decoding computer system. The video bitstream can follow a regular prediction structure
when the encoding system is not notified of lost data from the bitstream. A notification of
lost data in the bitstream can be received (720), where the lost data can include at least a
portion of a reference frame of the bitstream. In response to the notification, the regular
prediction structure can be dynamically modified (730) by encoding and inserting in the
bitstream a synchronization predicted frame having a prediction that does not reference the
lost data.

[0052] Inserting the synchronization predicted frame can include inserting the
synchronization predicted frame in the bitstream in a position where the regular prediction
structure would have dictated inserting a different predicted frame with a prediction that
would have referenced the lost data according to the regular prediction structure. The
different frame can be a frame that would have referenced an enhancement layer of the
reference frame. For example, the enhancement layer of the reference frame may be a
quality enhancement layer or a spatial enhancement layer. The lost data may include at
least a portion of the enhancement layer, and the prediction of the synchronization
predicted frame may reference a base layer below the enhancement layer without
referencing the enhancement layer. The synchronization predicted frame may include a
key frame whose prediction references one or more key frames prior to the lost data in the
bitstream.

[0053] Referring now to Fig. 8§, yet another technique for dynamic insertion of
synchronization predicted video frames will be described. The technique can include an
encoding computer system encoding (805) and sending (810) a real-time video bitstream

over a computer network via a transmission server to a decoding computer system. The
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video bitstream can follow a regular prediction structure between frames when the
encoding computer system is not notified of lost data from the bitstream. The encoding
computer system can receive (820) a notification of lost data in the bitstream. The lost data
can include at least a portion of a reference frame of the bitstream. In response to the
notification, the encoding computer system can dynamically encode (830) a predicted key
frame whose prediction references one or more other key frames in the bitstream that are
prior to the reference frame and does not reference the reference frame. The predicted key
frame can be inserted (840) in the bitstream in a position where the regular prediction
structure would have dictated inserting a different predicted frame with a prediction that
would have referenced the lost data according to the regular prediction structure.

[0054] Although the subject matter has been described in language specific to
structural features and/or methodological acts, it is to be understood that the subject matter
defined in the appended claims is not necessarily limited to the specific features or acts
described above. Rather, the specific features and acts described above are disclosed as

example forms of implementing the claims.
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CLAIMS
I/we claim:

1. A computer-implemented method, comprising:

an encoding computer system encoding and sending a video bitstream over a
computer network to a decoding computer system, the video bitstream following a regular
prediction structure when the encoding computer system is not notified of lost data from
the bitstream;

the encoding computer system receiving a notification of lost data in the bitstream,
the lost data comprising at least a portion of a reference frame of the bitstream;

in response to the notification, the encoding computer system dynamically
encoding a synchronization predicted frame with a prediction that references one or more
other previously-sent frames in the bitstream and that does not reference the lost data; and

the encoding computer system inserting the synchronization predicted frame in the
bitstream in a position where the regular prediction structure would have dictated inserting
a different predicted frame with a prediction that would have referenced the lost data
according to the regular prediction structure.

2. The method of claim 1, wherein the synchronization predicted frame
comprises a predicted key frame whose prediction is limited to referencing one or more
other key frames prior to the reference frame.

3. The method of claim 1, wherein the synchronization predicted frame is a
long term predicted key frame whose prediction is limited to referencing one or more
other key frames prior to the lost data.

4. The method of claim 1, wherein the different predicted frame would have
referenced an enhancement layer of the reference frame, and wherein the synchronization
predicted frame is a key frame whose prediction references one or more key frames prior
to the lost data.

5. The method of claim 4, wherein the lost data comprises at least a portion of
the enhancement layer of the reference frame.

6. The method of claim 4, wherein the lost data comprises at least a portion of
a base layer of the reference frame, the base layer being referenced by prediction of the
enhancement layer.

7. The method of claim 1, wherein the lost data comprises at least a portion of
a lost enhancement layer, wherein the synchronization predicted frame is an anchor frame

that comprises an enhancement layer that references a base layer of the anchor frame,
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wherein a prediction of the enhancement layer of the anchor frame avoids referencing the
lost enhancement layer, and wherein an enhancement layer of the different predicted frame
would have referenced the lost enhancement layer.

8. The method of claim 7, wherein a prediction of the base layer of the anchor
frame references the base layer of a frame that includes at least a portion of the lost data.

9. A computer system comprising:

at least one processor; and

memory comprising instructions stored thereon that when executed by at least one
processor cause at least one processor to perform acts comprising:

encoding and sending a video bitstream over a computer network to a
decoding computer system, the video bitstream following a regular prediction
structure when the encoding computer system is not notified of lost data from the
bitstream;

receiving a notification of lost data in the bitstream, the lost data
comprising at least a portion of a reference frame of the bitstream; and

in response to the notification, dynamically modifying the regular
prediction structure by encoding and inserting in the bitstream a synchronization
predicted frame having a prediction that does not reference the lost data.

10.  One or more computer-readable storage media having computer-executable
instructions embodied thereon that, when executed by at least one processor, cause at least
one processor to perform acts comprising:

an encoding computer system encoding and sending a real-time video bitstream
over a computer network via a transmission server to a decoding computer system, the
video bitstream following a regular prediction structure between frames when the
encoding computer system is not notified of lost data from the bitstream;

the encoding computer system receiving a notification of lost data in the bitstream,
the lost data comprising at least a portion of a reference frame of the bitstream;

in response to the notification, the encoding computer system dynamically
encoding a predicted key frame whose prediction references one or more other key frames
in the bitstream that are prior to the reference frame and does not reference the reference
frame; and

inserting the predicted key frame in the bitstream in a position where the regular

prediction structure would have dictated inserting a different predicted frame with a
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prediction that would have referenced the lost data according to the regular prediction

structure.
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